1. Introduction
===============

Prostate cancer (PCa) is the most commonly diagnosed non-skin cancer and the second leading cause of cancer death in man in United State.^\[[@R1]\]^ In China, approximate 60,300 new cancer cases and 26,600 cancer deaths related to PCa are projected to occur in 2015.^\[[@R2]\]^ Several factors, such as gradual implementation of prostate-specific antigen (PSA) screening, improved biopsy techniques and increasing westernized lifestyle, may partial explain this tendency.^\[[@R2]\]^

Nowadays, transrectal ultrasound (TRUS)-guided prostate biopsy is still the gold standard of diagnosis of PCa. PSA is a member of the kallikrein-related peptidase family, which has been widely used for early detection of PCa. Elevated PSA level is a most common indication for prostate biopsy. However, apart from enabling more definitive PCa diagnosis, PSA screening also results in a certain amount of unnecessary biopsy, especially among patients in the so-called gray area. Besides, approximately 1 out of 5 men with PCa might be misdiagnosed in the first prostate biopsy. Therefore, novel markers are needed, which can both detect clinically significant PCa and prevent unnecessary biopsies.

The relations between inflammation and cancer were disputed for a long time. The detailed mechanism was still not clear, but it was confirmed that the inflammation plays a critical role in carcinogenesis. Neutrophil-to-lymphocyte ratio (NLR) is one of the inflammatory parameters, which has been reported having prognostic value in some solid cancers, including PCa.^\[[@R3]--[@R7]\]^ Elevated NLR was closely associated with poor overall survival and progression-free survival/recurrence-free survival in patients with PCa, especially in patients with metastatic castration-resistant PCa.^\[[@R5]\]^ Several studies,^\[[@R8]--[@R12]\]^ trying to assess the predictive value of NLR in diagnosis of PCa, were published with controversial results. We, therefore, conducted this retrospective study of patients from January 2012 to June 2016 to further assess the potential association between NLR value and PCa diagnosis.

2. Material and methods
=======================

A total of 662 patients, who underwent transperineal TRUS-guided template-guided prostate biopsy in Northern Jiangsu People\'s Hospital from January 2012 to June 2016, were retrospectively reviewed with the permission of the ethical committee of the hospital. All data were analyzed anonymously. Puncture indications are as follows: abnormal findings in digital rectal examination (DRE) with any PSA value; abnormal signal in B ultrasound or computed tomography or magnetic resonance imaging examination; PSA more than 10 ng.ml^−1^ with any f/t PSA and PSA density; 4) PSA range from 4 to 10 ng.ml^−1^ with abnormal f/t PSA or PSA density value. In all patients, the prostate was routinely biopsied by using 11-region template. The detailed methods were described previously.^\[[@R13]\]^ Patients with symptomatic prostatitis or urinary tract infection or systemic inflammatory disease or any history of anti-inflammatory drug use within the 2 weeks before the biopsy were excluded. Besides, patients with high-grade prostatic intraepithelial neoplasia were also excluded. Finally, the patients, whose PSA before biopsy was less than 100 ng.ml^−1^ and imaging material indicated no metastasis, were included in the study.

For each patient, blood examination indexes such as white blood cell, neutrophil, lymphocyte, platelet count and prebiopsy PSA level, and clinical parameters like age of diagnosis, prostate volume, abnormal DRE (yes or no), hypoechoic lesion on TRUS (yes or no), number of biopsy cores, and biopsy results were collected. For patients who were diagnosed with PCa, Gleason score was also gathered. NLR was calculated by dividing the neutrophil count by the lymphocyte count, while platelet-to-lymphocyte ratio (PLR) was computed by dividing the platelet count by the lymphocyte count.

2.1. Statistical analysis
-------------------------

All the statistical analyses were performed using statistical software package SPSS for Windows, version 19. Patients were firstly grouped with regard to histology of the biopsy. Abnormal DRE and hypoechoic lesion on TRUS were shown as frequency (percentage) and compared by using chi-square test. All the blood indexes and other clinical parameters were displayed as the median (interquartile range \[IQR\]) and compared by using Mann--Whitney *U* test. Advanced PCa were defined as PCa with Gleason score ≥4+3. Then, the receiver operating characteristic (ROC)-derived area under the curve (AUC) analyses were performed to assess the predictive accuracy. Simultaneously, Youden\'s index was calculated to determine the optimal NLR cutoff. Furthermore, univariate and multivariate logistic regression analyses were performed to determine the association between NLR value and PCa detection. A 2-tailed *P* value of less than 0.05 was considered statistically significant.

3. Results
==========

A total of 802 patients who underwent transperineal TRUS-guided template-guided prostate biopsy were recorded. Of these, 95 patients were excluded for prebiopsy PSA more than 100 ng.ml^−1^. Besides, 23 patients with inflammatory disease and 10 patients with history of anti-inflammatory drug use within the 2 weeks before the biopsy were excluded. Nine patients who diagnosed as high-grade prostatic intraepithelial neoplasia were also excluded. In addition, another three patients were excluded for having metastasis disease. Finally, 662 patients were included in present study.

The median age of the 662 men included in present study was 69 (IQR 63--75, range 40--90) years and the median PSA level was 14.32 (IQR 7.45--25.09) ng.ml^−1^ (Table [1](#T1){ref-type="table"}). Among all the individuals, PCa was detected in 317 (47.9%), of which, 209 men were with high Gleason score (≥4+3). Patients were firstly grouped with regard to histology of the biopsy. Except for age (*P* \< 0.001), PSA value (*P* \< 0.001), prostate volume (*P* \< 0.001), and platelet count (*P* = 0.017), we did not find any significant difference between groups in other parameters, included NLR value (*P* = 0.424) (Fig. [1](#F1){ref-type="fig"}A). However, we observed additional significant differences in lymphocyte count (*P* = 0.003) and NLR value (*P* = 0.002) between groups, when restricted our analyses to patients with PSA ranged from 4 to 10 ng.ml^−1^ (Table [2](#T2){ref-type="table"}, Fig. [1](#F1){ref-type="fig"}B).

###### 

Clinical characteristics and blood parameters of the patients in the entire cohort (n = 662).
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![Box plot of NLR value grouped by pathologic results in prostate biopsy. (A) In the entire cohort. (B) In the 4 groups with different PSA range: 0 to 4, 4 to 10, 10 to 20, more than 20 ng.ml^−1^. There was no statistically significant difference between these 2 groups in the entire cohort (median 2.62, IQR 1.74--3.66; median 2.36, IQR 1.93--3.36, respectively, *P* = 0.424), but significant differences in the 3 subgroups except a subgroup with PSA ranged from 10 to 20 ng.ml^−1^. NLR = neutrophil-to-lymphocyte ratio, IQR = interquartile range, PCa = prostate cancer, PSA = prostate specific antigen.](medi-95-e5307-g002){#F1}

###### 

Clinical characteristics and blood parameters in patients with or without prostate cancer in the subgroup with PSA ranged from 4 to 10 ng.ml^−1^.
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Then, we performed ROC analysis to assess the sensitivity and specificity in PCa prediction of the NLR value. As can be observed, in entire cohort, the AUC of NLR value was 0.518 (*P* = 0.424). Nevertheless, in subgroup with PSA ranged from 4 to 10 ng.ml^−1^, the AUC of NLR was 0.654 (*P* = 0.002). On account of an NLR value of 2.44 was shown with the maximal Youden\'s index on the ROC curve, the cutoff value of NLR was set at 2.44.

Accordingly, patients were classified into high-NLR or low-NLR group (detailed in Table [3](#T3){ref-type="table"}). The distribution of age, PSA, prostate volume, abnormal DRE, and hypoechoic lesion on TRUS, but not Gleason score, were with significant differences between the 2 groups in the entire cohort. Besides, the high-NLR group showed significantly high PCa detection rate than the low-NLR group (175/338, 142/324, *P* = 0.041). Further analyses showed that the significance was retained among the patients with PSA ranged from 4 to 10 ng.ml^−1^ (36/77, 14/87, *P* \< 0.001). Univariate logistic regression analysis showed that high-NLR was associated with high possibility to be diagnosed as PCa in the prostate biopsy (*P* = 0.041) (Table [4](#T4){ref-type="table"}). Further multivariate analysis revealed that the high-NLR was independent of age of diagnosis, PSA, prostate volume, abnormal DRE and hypoechoic lesion on TRUS for positive prostate biopsy (hazard ratio \[HR\] 1.640; 95% confidence interval \[CI\] 1.045--2.573, *P* = 0.031). To our surprise, among patients with PSA ranged from 4 to 10 ng.ml^−1^, compared with low-NLR group, patients in high-NLR group had 4.364-fold risk to be diagnosed as PCa (*P* \< 0.001) (Table [4](#T4){ref-type="table"}). Apart from that, we did not find any significant association between NLR value and diagnosis of advanced PCa in either entire cohort (*P* = 0.258) or subgroup with PSA ranged from 4 to 10 ng.ml^−1^ (*P* = 0.075) in the multivariate analyses.

###### 

Clinicopathological characteristics of the entire cohort and cohort with PSA ranged from 4 to 10 ng.ml^−1^.
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###### 

Univariate analysis and multivariate analyses of the impact of high neutrophil--lymphocyte ratio (NLR ≥2.44) on PCa detection.
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Finally, we performed ROC analyses to compare the predictive accuracy calculated from the multivariate logistic model with or without NLR value. In the entire cohort, the accuracy level changed little by adding NLR value into multivariate model in either prediction of PCa or prediction of advanced PCa (Figs. [2](#F2){ref-type="fig"}A and [3](#F3){ref-type="fig"}A). However, in subgroup with PSA ranged from 4 to 10 ng.ml^−1^, the accuracy level increased by 4.6% in prediction of PCa (AUC 0.830, AUC 0.784, respectively) (Fig. [2](#F2){ref-type="fig"}B), but decreased in prediction of advanced PCa (AUC 0.806, AUC 0.861, respectively) (Fig. [3](#F3){ref-type="fig"}B), when added the NLR value into the multivariate logistic model.

![ROC curves of the multivariate logistic regression model with or without NLR value in prediction of PCa in the entire cohort (A) and in the subgroup with PSA ranged from 4 to 10 ng.ml^−1^ (B). As can be observed, in the entire cohort, the accuracy of the multivariate logistic model with NLR is close to the model without NLR. Nevertheless, in the subgroup with PSA ranged from 4 to 10 ng.ml^−1^, the adding of NLR value leads 4.6% up of the accuracy. AUC = area under the curve, NLR = neutrophil-to-lymphocyte ratio, PCa = prostate cancer, PSA = prostate specific antigen, ROC = receiver operating characteristic.](medi-95-e5307-g006){#F2}

![ROC curves of the multivariate logistic regression model with or without NLR value in prediction of advanced PCa (≥4+3) in the entire cohort (A) and in the subgroup with PSA ranged from 4 to 10 ng.ml^−1^ (B). As can be observed, in the entire cohort, the accuracy of the multivariate logistic model with NLR is close to the model without NLR. Nevertheless, in the subgroup with PSA ranged from 4 to 10 ng.ml^−1^, the adding of NLR value leads 5.5% down of the accuracy. AUC = area under the curve, NLR = neutrophil-to-lymphocyte ratio, PCa = prostate cancer, PSA = prostate specific antigen, ROC = receiver operating characteristic.](medi-95-e5307-g007){#F3}

4. Discussion
=============

Accumulating evidence showed that systemic inflammation was positively associated with various solid cancer types, including colorectal, gastric, and lung cancers.^\[[@R14]--[@R16]\]^ Markers,^\[[@R8],[@R17]--[@R21]\]^ which have been commonly used, included C-reactive protein, neutrophil count, platelet count, prostate health index, modified Glasgow Prognostic Score, NLR, and PLR. Guthrie et al^\[[@R17]\]^ summarized that NLR was elevated in patients with more advanced or aggressive disease. By performing a systematic review of one hundred correlated studies, Templeton et al^\[[@R14]\]^ revealed that high NLR was associated with poor overall survival in many solid tumors (HR 1.81 95% CI 1.67--1.97). As to PCa, elevated C-reactive protein value was a strong predictor of poor survival and lower probability of PSA response to treatment in patient with metastatic castration-resistant PCa who were receiving docetaxel-based therapy.^\[[@R22]\]^ Besides, elevated NLR was closely associated with poor overall survival in patients with PCa.^\[[@R5]\]^ Another study in Japan,^\[[@R6]\]^ which was included 1464 patients, revealed that NLR was correlated with both cancer-specific survival (*P* = 0.018) and overall survival (*P* = 0.008) in patients with metastatic PCa.

Apart from prognostic value of inflammation on PCa, there were also several studies assessing inflammation markers on PCa risk. Bruzzese et al^\[[@R21]\]^ performed a meta-analysis by including 8 observational studies, and revealed that prostate health index is a promising predictor of positive first biopsy (AUC 0.74 95% CI 0.70--0.77). Men with elevated leukocyte count were associated with higher PCa risk (highest tertile vs lowest tertile, HR 1.60; *P* trend = 0.01) and higher PCa mortality (HR 2.57, 95% CI 0.99--6.79).^\[[@R23]\]^ While a study in Japan revealed that elevated neutrophil count was associated with higher possibility of a benign prostate biopsy.^\[[@R24]\]^ After that, several studies^\[[@R8]--[@R12]\]^ on the predictive value of NLR in diagnosis of PCa were published with controversial results. Yuksel et al^\[[@R8]\]^ reviewed 873 patients who underwent prostate biopsy and found that NLR value in PCa patients were similar with patients without PCa (mean 3.03; mean 3.04, respectively, *P* = 0.944). Study by Gokce et al,^\[[@R11]\]^ which including 1836 patients, also revealed a analogous result. Further analyses presented that it is prostatitis, which prevents the use of NLR in predicting PCa before prostate biopsy. However, in another 2 studies,^\[[@R9],[@R10]\]^ significant differences were exhibited between patients with and without PCa (both *P* \< 0.001). Multivariate analyses revealed that the higher NLR was independently associated with PCa detection (both *P* \< 0.05). In present study, we observed an interesting phenomenon that NLR value had a poor predictive value in entire cohort without limiting PSA value, but a promising superior predictive value among patients with PSA ranged from 4 to 10 ng.ml^−1^. In this subgroup, compared with low-NLR group, patients in high-NLR group had 4.364-fold risk to be diagnosed as PCa (*P* \< 0.001). Besides, the combination of NLR could raise the accuracy of multivariate model including age, PSA, prostate volume, abnormal DRE, hypoechoic lesion on TRUS in the subgroup with PSA ranged from 4 to 10 ng.ml^−1^ (AUC 0.830, AUC 0.784, respectively).

The connection between inflammation and cancer was initially hypothesized by Rudolf Virchow in 1863. He noticed that cancer originated at the site of chronic inflammation and was triggered by chronic inflammation.^\[[@R9],[@R25]\]^ Thereafter, several studies were published and revealed that inflammatory cytokines networks had important impact on survival, proliferation and differentiation of tumor cells through DNA damage,^\[[@R26]\]^ angiogenesis,^\[[@R27],[@R28]\]^ and some other signal transduction pathways.^\[[@R25],[@R29]\]^ In addition, tumor cells coopted selectins, chemokines, and some other signaling molecules of the innate immune system for invasion, migration, and metastasis.^\[[@R30]\]^ So far, the molecular and cellular mechanisms between inflammation and cancers' biological characteristics are still unresolved, but the relations have been widely accepted.

Several studies^\[[@R31]--[@R34]\]^ supported a role of prostatic inflammation in the etiology of PCa. Chronic inflammation was involved in prostate carcinogenesis through disrupting of the immune response and regulating of the tumor microenvironment.^\[[@R35]\]^ Besides, growing indirect evidences^\[[@R36]--[@R38]\]^ have emerged that nonsteroidal anti-inflammatory drugs, especially aspirin use might reduce the incidence in various cancers including PCa. Previously, we conducted a meta-analysis,^\[[@R39]\]^ which included 14 case--control studies and ten cohort studies, and revealed that regular aspirin use, especially long-term regular aspirin use might reduce the risk of PCa. Cyclooxygenase-2 enzyme which aberrantly expressed in PCa tissue^\[[@R40],[@R41]\]^ might partially explain the potential association between aspirin use and PCa risk. Through cyclooxygenase-2--independent pathway, aspirin not only reduced the synthesis of prostaglandin,^\[[@R42]\]^ but also inhibited the cellular proliferation and angiogenesis by upregulating of tumor suppressor genes.^\[[@R39],[@R43]\]^ Direct interactions of prostaglandins with their receptors through autocrine or paracrine pathways could enhance cellular survival and stimulate angiogenesis.^\[[@R44]\]^

However, Sciarra et al^\[[@R32]\]^ considered that it might be too early to use integrate inflammation in risk stratification analysis of prostate disease. Inflammation of prostate which was secondary to infection might differ from which arose from proliferative inflammatory atrophy lesion. The former may have a role in benign prostatic hyperplasia (BPH) progression, while the latter may increase the prostate\'s vulnerability to develop cancer. But inflammation markers, like NLR value, might elevate as long as inflammation exist. This might be a basal reason for insignificant association between the NLR value and diagnosis of PCa in the entire cohort. But in the subgroup, in which patients had a PSA ranged from 4 to 10 ng.ml^−1^, high-NLR was significantly associated with higher risk to be diagnosed with PCa. Previously, by comparing the distribution of NLR among patients with PCa, prostatitis and BPH, Gokce et al^\[[@R11]\]^ found that the presence of prostatitis might limit the usage of NLR in prediction of PCa. On this occasion, we hypothesis that among patients with relatively lower PSA level, the influence of prostatitis in the prediction value of NLR will become weak, due to lower PSA will get rid of several patients with prostatitis in a certain degree. More studies are needed to explain the discrepancy value of NLR in PCa prediction with different range of PSA value.

Recently, Yuksel et al^\[[@R8]\]^ conducted a study including 265 PCa and 304 BPH patients and revealed that PLR were significantly higher in the PCa group relative to BPH group (mean 134.4, standard deviation \[SD\] 76.2; mean 124.4, SD 76.2, respectively, *P* = 0.018). However, in present study, PCa patients exhibited similar PLR values to the patients without PCa either in entire cohort (median 119.1, IQR 89.4--158.4; median 126.8, IQR 92.1--162.4; *P* = 0.314) or in the subgroup (median 124.3, IQR 100.3--166.5; median 122.4, IQR 87.0--149.5; *P* = 0.098). The discrepancies were mainly due to the limitation of sample size and retrospective property. More prospective studies were needed to further assess this topic.

Several limitations deserved attention. In the first instance, our study was derived from retrospective cohort, which might easily introduce recall bias. The next, the suggested NLR cutoff is differ from previous study. Kawahara et al^\[[@R10]\]^ recommended 2.4 as the cutoff, but in present study, we found that 2.44 was a proper cutoff. We compared these 2 cutoffs (detailed in sTable 1). In entire cohort, the 2 different cutoffs showed a similar accuracy. But in the subgroup with PSA ranged from 4 to 10 ng.ml^−1^, positive and negative predictive values, using the 2.44 as cutoff were 46.8% and 83.9%, respectively, whereas, using the 2.4 as cutoff were 45.6% and 83.5%, respectively. Neutrophil and lymphocyte counts affected by various physiological, pathological, and physical factors, which may more or less influence the determining of the cutoff, though NLR was proved stability.^\[[@R9],[@R45]\]^ What\'s more, we didn't take body mass index, history of PCa, and some other known or unknown factors into consideration, which might somewhat bias the results in multivariate analyses. Furthermore, as previously mentioned, about 20% PCa may be misdiagnosed in the first prostate biopsy. In other words, some of patients diagnosed as benign in the biopsy are actually PCa patients, which may cover up the real relation. But, in our center, by taking biopsy of the prostate apex seriously, the comprehensive positive rate is about 26.36% among patients with PSA ranged 0 to 10 ng.ml^−1^, which might decrease the false-negative rate in a certain degree, making our data more solid and persuasive. Finally, we observed a promising result among patients with PSA ranged from 4 to 10 ng.ml^−1^. However, these analyses derived from a subgroup with limited sample size. Large-scaled prospective studies are needed to confirm our findings.

5. Conclusions
==============

The patients with high-NLR value may have significant higher risk to be diagnosed with PCa, especially among the patients with PSA ranged from 4 to 10 ng.ml^−1^. In this subgroup, the adding of NLR value in the multivariate model can improve the accuracy of PCa prediction in a large degree. If validated, the NLR will become a promising, accessible, inexpensive biomarker for PCa prediction.
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